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Differentiation of Bone and Tooth 
from Other Materials Using 
SEM/EDS Analysis 

Douglas H. Ubelaker, Smithsonian Institution, 
Washington, D.C., Dennis C. Ward, FBI, 
Washington, D.C., Valeria S. Braz, Federal 
University of Rio de Janeiro, Rio de Janeiro, Brazil, 
and John Stewart, FBI, Washington, D.C. 


SEM/EDS - scanning electron microscope 

with associated energy dispersive 
spectrometer 


• Structure and elemental composition from x-ray 
spectrum 



1994 - FBI prototype database 

• Manual comparative system 
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SLICE 

Spectral Library for Identification 
and Classification Explorer 

• Windows-based 

• Modern EDS system 

• Standard PC 


Certified Standard 

Materials with accurate quantitative 
determination of composition 


Known 

Materials from a known source, but either the 
composition cannot be considered 
representative, or only generic information is 
available (e.g. “auto glass”). 


• Collection and storage of spectra 

• Comparative search capability 


Commercial Standard 

Materials for which composition is defined, but 
not known. Includes materials known to be a 
specific product, and to contain a 
representative and unaltered composition, but 
that composition is not known (e.g. Clinique 
Rose Bronze Lipstick). Can also apply to non- 
manufactured materials (biological materials, 
minerals). 


Unknown 


Items such as submitted evidence of unknown 
composition (e.g. glass fragments of any type 
taken from clothing). Unknowns are generally 
under current study, and are retained only 
temporarily. 














1836 entries in database 

• 34 human bone 

• 14 non-human bone 

• 22 human teeth 

• 22 non-human teeth 




• Ca/P ratio 1.6 to 2.6 

• Enamel includes Cl 


No statistical difference in Ca/P 

• Human 

• Non-human 

• Apatite 

• Synthetic hydroxyapatite 


Slight differences between human 
bone and: 

• Octocoral 

• Seahorse 

• Ivory 

• Manufactured products 
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Solid-Phase Double-Antibody 
Radioimmunoassay 


Sample Extraction 

• Outer 1 -2 mm removed 

• Protein isolated using 1m EDTA in 
vaccutainer 2-5 days 


• Protein extract placed in microtiter 
plates 

• Protein binds to plate 
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Antisera (raised in rabbits) of albumins of Radioactive iodine-125 antibody of rabbit 

various species added allowing antibody gamma globulin (produced in donkeys) is 

to bind to antigen. added. 


Radioactivity of wells quantified using a 
scintillation counter 



Six samples, less than 1.8 grams 

• 3 Human (2 modern, 1 prehistoric) 

• 3 Non-human 

• One known deer 
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